The growth performance of Spirulina platensis was studied in four different concentrations viz. 0.3, 0.4, 0.5 and 0.6 g/l of papaya (Carica papaya) skin powder media (PSPM) and in control, Kosaric Medium (KM) in triplicate. The initial cell weight of S. platensis was 6.0 mg/l which attained a maximum weight of 913.13 mg/l on the 10th day of culture in the control KM followed by 699.07, 612.13, 538.99 and 377.48 mg/l that grown in 0.40, 0.30, 0.50 and 0.60 g/l of PSPM respectively. Similar trend was observed in the case of chlorophyll a content ranging 3.57 to 8.15 mg/l. The specific growth rate (SGR, µ/day) of S. platensis on the basis of cell weight and chlorophyll a content was recorded in the ranges of 0.41 to 0.50 and 0.41 to 0.49, respectively, for all the treatments. The SGR on the basis of cell weight and chlorophyll a was recorded significantly (p<0.05) higher in KM among all the treatments. On the other hand among the four different concentrations of PSPM, 0.40 g/l showed significantly (p<0.05) higher SGR than others. The pH and other physico-chemical factors were within suitable range of algae culture. The cultured microalga was nutritionally rich.
Introduction
The earliest attempts to culture algae started about more than a century ago with solutions of a few inorganic salts, actually devised for studies of vascular plants. A common feature of these media was their high contents of nutrients, particularly nitrogen, phosphorus and potassium (Rodhe, 1978) . Kosaric medium (KM) is the most commonly used medium for Spirulina culture. However, it is expensive and not readily available in Bangladesh. Thus, for mass production of Spirulina, particularly in developing countries there is a need to find an effective, cheaper and readily available alternative media. Nutrients such as phosphorus and nitrogen present in agro-industrial effluents as well as in domestic wastewater may cause serious eutrophication in any water body. But these nutrients can be used to increase plant growth, such as phytoplankton, which can be utilized as natural fish food or for pharmaceutical purpose. Spirulina is one of the most promising microalgae for culture due to its high nutritional values. Spirulina platensis was successfully grown in digested sago starch factory waste water in Malaysia (Miah et al., 2000) . Suitable organic media may also be used for the culture of S. platensis. It may be cultured in other nutrient rich media collected from vegetables.
Bangladesh is an agro-based country. Here huge amounts of vegetables such as papaya, cabage, potato, tomato etc. are producing every year. Chlorella elepsoidea was successfully cultured in papaya skin powder media by Toyub et al. (2006) . So, it may be possible to culture S. platensis using papaya skin powder (PSP) as inexpensive medium. The present experiment was conducted to study the growth performance of S. platensis in various concentrations of PSP and to analyze its nutritional value.
Materials and Methods

Collection and preparation of culture media
For collection of papaya skin, papaya was collected from local market and sun dried primarily and then in an oven at 40 o C for overnight. The dried skin was powdered and sieved with mesh size of 0.01 mm for getting fine particle. For preparation of different concentrations of papaya skin powder medium (PSPM) 0.3, 0.4, 0.5 and 0.6g of papaya skin powder was added per liter of distilled water and was then thoroughly mixed. Urea (0.2 g/l) was added to increase nitrogen content and NaHCO 3 (6.0 g/l) was added to increase pH of each concentration of the culture media since the initial pH were 7.6 -7.8. Then the media were mixed well and sterilized at 120 o C for a period of 15 minutes with moist heat by autoclave and cooled for a period of 24 hours.
Preparation of control medium
Kosaric medium (KM) was used as control medium.
Composition of KM modified form of Zarouk (1966) and Phang and Chu (1999) is shown in Table I . The prepared control medium was sterilized at 120 o C for a period of 15 minutes with moist heat by autoclave and cooled for a period of 24 hours.
Culture of S. platensis
Stock culture of Spirulina platensis (Initially collected from Malaysia) maintained in the Department of Aquaculture, Bangladesh Agricultural University (BAU), Mymensingh, Bangladesh was used for this study. The cells were separated with the help of micro-capillary using compound microscope. Spirulina platensis was inoculated initially in prepared KM to have a pure stock culture. Five treatments, four from different concentrations (0.3, 0.4, 0.5 and 0.6 g/l) of papaya skin powder medium (PSPM) and one from KM (control) were used to grow S. platensis. One liter volumetric flasks were used to grow the microalga with three replications of each treatment. The microalga was inoculated into each culture flask from the stock having OD 4.8 at 620 nm to get 10% suspension of S. platensis (optical density at 620 nm = 0.20). All the flasks were kept under fluorescent lights (light: dark = 12 h: 12 h) in the Live Food Culture Laboratory of BAU (Habib, 1998) . The culture flasks were continuously aerated using electric aerator. Samplings were carried out at every alternate day from each flask to observe cell weight, chlorophyll a, optical density and physicochemical properties of culture media viz., temperature ( o C), light intensity, dissolved oxygen (DO), pH, phosphate-phosphorus (PO 4 -P), nitrate-nitrogen (NO 3 -N), nitrite-nitrogen (NO 2 -N) and ammonia-nitrogen (NH 3 -N). All the glasswares used in the experiment were sterilized with dry heat in an oven at 70 o C for 12 hrs. After successful completion of laboratory culture, mass culture was performed for a period of 10 days. At the 10th day of mass culture, the microalga was harvested and centrifuged at 3000 rpm for 15 minutes to separate the microalga. The separated microalga was dried and used for proximate composition analysis.
Estimation of physico-chemical properties of culture media
Dissolved oxygen (DO) and pH of the culture media were measured by oxygen meter (YSI, Model 58) and electric pH meter (Jenwey Model 3032), respectively. Temperature and light intensity of the culture media were recorded by using a Celsius thermometer and lux meter, respectively. Nitritenitrogen, nitrate-nitrogen and phosphate-phosphorus were determined by Hach kit (DREL/2000) following Clesceri et al. (1989) .
Estimation of S. platensis cell weight
The samples were filtered with filter paper (Whatman, GF/C) and shifted to the oven at 105 o C for 24 hours. The samples were then transferred to the desiccators for cooling and weight was measured using an electric balance. The weight of the dried filter paper was taken.
Before filtering Calculation
Cell weight (mg/l) = Weight of the filter paper with sampleWeight of the filter paper without sample before filtering 334 Growth Performance and Nutritional Analysis of Spirulina platensis 46(3) 2011 
Estimation of chlorophyll a
Optical densities of the prepared samples were determined at 664, 647 and 630 nm wave length by using UV spectrophotometer. A blank with 100% acetone was run simultaneously. Chlorophyll a content was calculated by the following formula (Clesceri et al., 1989) :
Chlorophyll a (mg/l) = 11.85 (OD 664) -1.54 (OD 647) -0.08 (OD 630).
Estimation of specific growth rate (SGR, µ/day) of microalgae
The specific growth rate (SGR, µ/day) of cultured microalgae was calculated by the following equation (Clesceri et al., 1989) :
Where, X 1 = Biomass concentration at the end of selected time interval, X 2 = Biomass concentration at the beginning of selected time interval, and t 2 -t 1 = Elapsed time between selected time in day.
Analysis of proximate composition
Proximate composition of algal samples were analyzed in the nutrition laboratory, Faculty of Fisheries, Bangladesh Agricultural University, following standard methods (Horwitz 1984) .
Statistical analysis
Mean and standard deviation were calculated from the experimental data. Then the data were analyzed through oneway analysis of variance (ANOVA) using SPSS followed by Duncan's Multiple Range Test (DMRT) whether any significant difference among the treatment means (Zar 1984) .
Results and Discussion
The highest cell weight 913.13 mg/l was recorded on the 10th day of culture in the control KM followed by that grown in 0.40, 0.30, 0.50 and 0.60 g/l of PSPM (Fig. 1) . Kosaric medium showed significantly higher (P<0.05) growth than all other treatments. On the other hand 699.07 mg/l S. platensis was recorded in 0.40 g/l PSPM that was significantly (P<0.05) higher than that of grown in other concentrations of PSPM. Chlorophyll a content of S. platensis grown in KM also showed significantly (P<0.05) higher growth (8.15 mg/l) than all other treatments. But S. platensis grown in 0.40 g/l PSPM showed significantly (P<0.05) higher chlorophyll a content (6.27 mg/l) than that of grown in other concentrations of PSPM. The chlorophyll a content and optical density were recorded in the range of 3.57 to 8.15 mg/l and 1.02 to 2.05 respectively at 620 nm for all the treatments (Figs. 2 and 3) . Miah et al. (2000) got higher cell weight in the control KM then the organic media of sago wastewater. Begum et al. (1998) cultured S. platensis in their developed media. In domestic production of Spirulina they found the yield of 664 mg/l and 665 mg/l in their media named Bd-3 and Bd-5 respectively which is more or less similar with present findings. The specific growth rate (SGR, µ/day) of S. platensis on the basis of cell weight and chlorophyll a content was recorded in the ranges of 0.41 to 0.50 and 0.41 to 0.49, respectively for all the treatments. Toyub et al. (2005) cultured S. platensis in different concentrations (4.8 g/l, 7.2 g/l and 9.6 g/l) of banana leaf ash with added 0.4 g/l jack fruit seed powder and 0.2 g/l urea. They recorded SGR in the range of 0.41 -0.49 on the basis of chlorophyll a which somehow agreed with the present findings. The SGR on the basis of cell weight and chlorophyll a was recorded significantly (p<0.05) higher in KM among all the treatments. On the other hand among the four different concentrations of PSPM, 0.40 g/l showed significantly (p<0.05) higher SGR than others. The total biomass on the basis of chlorophyll a content was recorded 238.97 to 546.05 mg/l among the all treatments (Table II) . The total biomass on the basis of chlorophyll a was significantly (p<0.05) higher in KM than all other treatments. On the other hand 0.40 g/l PSPM showed significantly (p<0.05) higher total biomass than other concentrations (Table II) . It might be due to the difference of nutrient released in the media. The highest pH was observed on the 10th day of culture and the recorded range was 10.04 to 10.56. The increasing trend of pH (Fig.  4) up to the stationary phase favoured the growth of S. platensis. The decreasing trend of pH at the death phase might be occurred due to dead cells and other organic loads. The pH value supported the findings of Richmond (1986) , Begum et al. (1998) and Toyub et al. (2005) .
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Both the content of PO 4 -P and NO 3 -N of the media were decreasing with the age of the culture up to the stationary phase and then these were increasing again. Use of these nutrients by growing cells in the media may cause the decreasing trend of the amount of PO 4 -P and NO 3 -N. At the stationary phase, the content of PO 4 -P and NO 3 -N was recorded in the range of 2.14 to 4.21 mg/l and 2.47 to 4.38 mg/l, respectively for all the treatments (Figs. 5 and 6). The content of NO 2 -N and NH 3 -N of the media was the lowest at the beginning and increased with the age of the culture. Decomposition of dead cells of the alga may cause it. These were recorded in the range of 0.10 to 0.23 mg/l and 0.31 to 0.60 mg/l, respectively among all the treatments on the 10th day of culture when the growth of S. platensis was the highest. Toyub et al. (2005) observed same trend of PO 4 -P, NO 3 -N, NO 2 -N and NH 3 -N contents when they cultured S. platensis in banana leaf ash with added jack fruit seed powder and urea. Islam (2004) also recorded same trend of these parameters when cultured S. platensis in press mud and cabbage powder media. At the beginning the range of dissolved oxygen was 3.12 to 3.28 mg/l but on the 10th day of culture it was recorded in the range of 4.81 to 5.41 mg/l among all the treatments. The range of average temperature and light intensity was recorded 28.50 to 30.50 o C and 2142.51 to 2174.61 lux/m 2 /s, respectively during the whole culture period. The range of light intensity, temperature and dissolved oxygen recorded during the study period were found within the favourable ranges for culture of micro algae and supported by Miah et al. (2000) , Khan (2003) , Islam (2004) , Islam et al. (2004) and Toyub et al. (2005) .
Proximate compositions of cultured S. platensis were studied to know the nutritional values. The highest protein content of S. platensis 58.42% was recorded when grown in the control KM followed by which grown in 0.40, 0.30, 0.50 and 0.60 g/l PSPM. The content of lipid was recorded in the range of 10.44 to 12.25% among all the treatments. The ash and crude fiber content was recorded in the range of 6.46 to 8.51% and 7.04 to 7.83%, respectively. On the other hand the moisture and nitrogen free extract (NFE) content was recorded in the range of 8.12 to 8.83% and 5.19 to 15.75%, respectively among all the treatments (Table III) . The protein percentage of S. platensis grown in KM was significantly (P<0.05) higher than that of grown in other treatments. Crude lipid, ash, 
